Pythium insidiosum is an important aquatic Oomycota that causes pythiosis in mammals, especially horses, dogs, and humans; these inhabit marshy environments in tropical and subtropical areas. The aim of this study was to determine the protein profile, as well as identify likely immunodominant proteins, of Brazilian P. insidiosum isolates from southern Brazil, an important equine pythiosis endemic area. P. insidiosum isolates (horses, n = 20 and dogs, n = 02) were analyzed by SDS-PAGE and Western blot techniques. Horse, cattle, dog, and rabbit sera of both diseased and healthy animals were used to identify P. insidiosum proteins. SDS-PAGE protein profile detected antigens of molecular weights ranging from 100 to 20 KDa. Dog isolates revealed a protein profile similar to that of horse isolates. Anti-P. insidiosum antibodies in the sera of the four species could recognize proteins of different molecular weights (∼74 KDa to ∼24 KDa), and proteins ∼50-55 KDa and ∼34 KDa were shown to be immunodominant. Furthermore, ∼74 KDa, ∼60 KDa, ∼30 KDa and ∼24 KDa proteins were poorly recognized by host species antibodies. The Brazilian P. insidiosum isolates analyzed showed a similar protein profile; however, further studies are essential for the identification and characterization of proteins expressed by P. insidiosum, and an evaluation of the immunological profile of hosts susceptible to this Oomycota is necessary.
Introduction
Pythium insidiosum is an important aquatic Oomycota that causes pythiosis in mammals, especially horses, dogs, and humans; however, other domestic and wild species may also be susceptible to infection. This microorganism shows some different morphological and biochemical characteristics from true fungi, and this may partially account for difficulties and failures in the therapies employed for disease treatment. 1 Pythiosis is a serious, progressive, and life-threatening disease for susceptible hosts inhabiting marshy environments in tropical and subtropical areas, especially in the Americas, Asia, and Australia. 1 Its diagnosis is based on clinical aspects of the disease, culture and microbiological identification, histopathological aspects, as well as by the use of molecular and serological methods. [1] [2] [3] Different serological techniques have been developed for the detection of antibodies against P. insidiosum, including immunodiffusion, 4, 5 complement fixation, 4 enzyme linked immunosorbent assay (ELISA), [6] [7] [8] Western blot, [9] [10] [11] [12] immunochromatography, 13 and haemagglutination. 8, 14 Previous studies have shown that the protein and immunogenic profile of P. insidiosum include different immunodominant proteins of varying molecular weights that have been detected in the serum of several species of animals and humans infected by P. insidiosum in different countries. [9] [10] [11] [12] These studies demonstrated that the P. insidiosum profile is similar and independent of geographical location. However, susceptible hosts respond to a wide number of antigens expressed by the microorganism, with variations within the same species and between species.
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Equine pythiosis is endemic in Brazil, especially in the southern and Pantanal Matogrossense areas [15] [16] [17] being a problem for equine production. In addition, reports on dogs, 18 cattle, 17, 19 sheep, 20 goats, 21 and humans 22 reveal the presence of P. insidiosum in swampy environments in the country. Nevertheless, in spite of the increasing number of pythiosis cases that have been reported in Brazil in recent decades, studies reporting the antigenic characteristics of Brazilian P. insidiosum isolates are incipient. Only Leal et al. 10 characterized the polypeptide profile of a P. insidiosum isolate by using horse, cattle, and rabbit serum. This study aimed to determine the protein profile, as well as identify likely immunodominant proteins, of Brazilian P. insidiosum isolates.
Methods
Pythium insidiosum isolates and sera from infected animals Twenty-two P. insidiosum isolates of naturally infected animals (horses n = 20, dogs n = 02) from the State of Rio Grande do Sul, Brazil, were analyzed ( Table 1 ). All isolates were identified by their macro and micro morphological characteristics and confirmed by polymerase chain reaction (PCR) and DNA sequencing, as described by Azevedo et al. 3 Four serum samples collected from P. insidiosum naturally infected animals (horse, n = 1, dog, n = 1; and cattle, n = 1) as well as serum from a rabbit with experimental pythiosis, were used. Horse, cattle, dog and rabbit sera of animals not infected by P. insidiosum were used as negative control. The sera were kept at −20
• C until use.
Antigen preparation
In this study, the antigen preparation protocol followed recommendations previously described by Chindamporn et al. 12 , adapted. Briefly, P. insidiosum isolates were grown on 0.1% yeast agar and incubated at 37
hours. Small culture fragments were transferred to 150 ml Sabouraud broth and incubated at 37
• C under constant stirring (120 rpm). After 5 days, the cultures were inactivated with thimerosal (0.02%/vol), filtered, and macerated in three liquid nitrogen baths. The resulting macerated powder was diluted in 10 ml distilled water and the resulting supernatant was named macerated mycelial antigen (MMA). All antigen preparations were used on the same day.
Polyacrylamide gel electrophoresis (SDS-PAGE)
In sum, 40 μl SDS buffer (4% sodium dodecyl sulfate, 20% glycerol, 120 mM Tris-HCL, pH 6.8, 10% 2-β mercaptoethanol, and 0.3% Bromophenol blue) was added to a 50 μl volume (∼2 μg protein/μl) of the mycelial macerated antigen preparation. Samples were denatured at 100
• C for 10 minutes, centrifuged (10,000g/20 seconds) and subjected to electrophoresis in 12% polyacrylamide gel. The gels were stained with Coomassie brilliant blue (Bio-Rad Laboratories) for protein band visualization and compared to the molecular weight marker (Bio-Rad Laboratories).
Western blot
Proteins separated from SDS-PAGE gels were transferred by electrophoresis to nitrocellulose (0.45 μm) Polyvinylidene Table 1 . Pythium insidiosum isolates used in this study (n = 22) and their corresponding information including: host (species, years old, and sex), geographical origin, location of lesion, treatment, and outcome of pythiosis. P.insidiosum fluoride (Amershan TM Hybond TM -ECL GE Healthcare) membranes at constant voltage (40 volts) for 3 hours and 30 minutes. In the blocking step, the membranes were submerged for 1 hour in PBS-T (phosphate buffered saline, PBS containing 0.1% Tween 20, pH 7.4) plus 5% skimmed milk powder. Afterward, three washes in PBS-T were performed. The analyzed sera were incubated at 37
• C for 1 hour under stirring (50 rpm) in PBS-T and diluted, respectively: horse, cattle, and rabbit serum (1: 1000) and dog serum (1: 500). Then, three washes were performed in PBS-T. The binding of the antibodies present in animal serum to the antigens transferred to the membrane was detected by immunoglobulin G conjugated with anti-species peroxidase (Sigma-aldrich) (horse, dog, cattle, and rabbit) in the following dilutions: anti-horse and anti-rabbit (1: 6000), anti-dog (1: 3000), and anti-bovine (1: 5000). Again, three washes were performed in PBS-T. Reactions were revealed with diaminobenzidine (DAB Sigma-aldrich) (Tris HCl pH 7.6, nickel sulfate, DAB, H 2 O 2 ). Molecular weights of the detected proteins were estimated by comparison to a standard molecular weight marker (Precision Plus Protein TM Prestrained Standards Dual Color, Bio-RadLaboratories).
Results
The SDS-PAGE protein profile of the 22 P. insidiosum isolates detected antigens of molecular weights ranging from approximately 100 to 20 KDa. It was observed that all isolates overexpressed a band at ∼50-55 and ∼30-34 kDa and weakly expressed proteins with molecular masses of ∼100, ∼74, and ∼20 kDa (Fig. 1) . Table 2 shows the protein profile of the 22 P. insidiosum isolates evaluated in the present study, which were recognized by the specific antibodies in horse, cattle, rabbit, and dog serum. It was evidenced that anti-P. insidiosum antibodies in the sera of the four species recognized proteins of different molecular weights (∼74 KDa to ∼24 KDa) of the P. insidiosum isolates analyzed. In the control sera of species not infected by P. insidiosum, there was not recognition of any proteins. Antibodies present in the sera of the four species evaluated were able to recognize predominantly ∼60 KDa, ∼50-55 KDa, ∼34 KDa, and ∼24 KDa proteins (Fig. 2) . The ∼34 KDa protein from horse and dog of P. insidiosum isolates was strongly immunolabeled by the sera from all hosts evaluated. Asterisks, the ∼50-55 KDa and ∼34 KDa immunodominant antigens; arrows, the ∼74 KDa, ∼60 KDa, ∼30 KDa and ∼24 KDa antigens.
Proteins of approximately 74 KDa and 30 KDa were found to be poorly recognized by the antibodies of the host species evaluated. P. insidiosum isolates of horses (n = 20) and dogs (n = 2) came from an area considered endemic for equine pythiosis in Brazil. Interestingly, the isolates from dogs showed a protein profile similar to that of horses (Table 2).
Discussion
The profile of Brazilian P. insidiosum isolates evaluated by SDS-PAGE identified proteins of different molecular weights, ranging from approximately 100 to 20 KDa. Previous studies by other authors revealed protein profiles similar to those found in this study. Mendoza et al. 9 , upon evaluating P. insidiosum isolates from Costa Rica, the United States, Japan, and Australia, found antigens from 97 to 14 KDa. Krajaejun et al. 11 found that human P. insidiosum isolates from Thailand had a protein profile from 120 to 15 KDa. However, Chindamporn et al. 12 , upon evaluating animal isolates from the United States, Costa Rica, New Guinea, and Australia, as well as human isolates from Thailand, identified proteins ranging from 209 to 9 KDa. In Brazil, Leal et al. 10 , when determining the protein profile of a clinical horse isolate of P. insidiosum, detected proteins of molecular weights (104 to 20 KDa) similar to those verified in the present study. The Brazilian P. insidiosum isolates (n = 22) evaluated in this study showed a similar protein profile, and there were no significant differences between horse and dog P. insidiosum isolates. In Brazil, the State of Rio Grande do Sul 15, 16 and the Pantanal Matogrossense 17 are areas thought to be endemic for equine pythiosis. Azevedo et al. 3 and, more recently, Ribeiro et al. 23 demonstrated that Brazilian P. insidiosum isolates share phylogenetic and phylogeographic similarities, regardless of their origin. Similarly, the results
